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Abstract: The seed and pollen grain micromorphologies of 10 taxa of the Silene sections Behenantha and Dichotomae (Caryophyllaceae)
were analyzed in this study. Although the seeds of the analyzed taxa were generally reniform, S. tenuiflora and S. koycegizensis from
the section Behenantha were clearly distinct from other taxa, while subspecies of S. dichotoma and S. euxina in the section Dichotomae
showed differences. Pollen grains are periporate and spheroidal and ornamentation is generally spinulate-microperforate in all taxa.
However, ornamentation is spinulate in S. euxina and semireticulate in S. koycegizensis. While the exine structure is generally tectate, it
is semitectate in S. koycegizensis. It was found that S. heldreichii and S. cariensis subsp. muglae had the highest number of pores, while S.
dichotoma subsp. racemosa had the lowest number of pores. The results showed that S. euxina can be distinguished from S. dichotoma
based on morphological characteristics of their pollen grains and seeds.
Key words: Morphology, pollen, seed, Silene, taxonomy

1. Introduction
The genus Silene L. possesses the highest number of species
of the family Caryophyllaceae in Turkey. Forty-three
percent of the taxa identified from Turkey are endemic
(Yıldız, 2012). It is represented by 44 sections and about
750 species around the world (Melzheimer, 1980; Greuter,
1995), and by 34 sections and 152 species in Turkey with
newly added species (Coode and Cullen, 1967; Davis et al.,
1988; Tan and Vural, 2000; Hamzaoğlu, 2012; Yıldırımlı,
2012; Yıldız, 2012; Aydın et al., 2014; Aytaç et al., 2015;
Güner and Duman, 2016; Fırat and Yıldız, 2016a, 2016b).
There are important fundamental systematic and
taxonomic studies on Silene (Chowdhuri, 1957; Coode and
Cullen, 1967; Melzheimer, 1977, 1980; Yıldız and Çırpıcı,
2013). However, some molecular studies (Oxelman and
Lidén, 1995; Petri and Oxelman, 2011; Rautenberg et al.,
2012; Aydın et al., 2014) have shown the phylogenetic
relationships of Silene taxa.
Another important area in systematic and taxonomic
studies is research of micromorphological characteristics.
Yıldız and Çırpıcı (1992, 1998), Yıldız (1996, 2001, 2002,
2006), Yıldız et al. (2010, 2011), and Dadandı and Yıldız
(2015) carried out morphological, seed scanning electron
microscopy (SEM) analyses, and palynological studies on
various Silene taxa (e.g., S. dichotoma Ehrh.) distributed in
Turkey. One of the most important taxonomic studies about
* Correspondence: kemalyil@gmail.com

this genus in recent years, comprising 44 Silene taxa from
Turkey belonging to six sections (Siphonomorpha Otth,
Lasiostemones Boiss., Sclerocalycinae Boiss., Chloranthae
Rohrb., Tataricae Chowdhuri, Otites (Adams.) Otth) was
conducted by Yıldız and Çırpıcı (2013). In that study
micromorphological characters of seed and pollen grains
were considered for the diagnosis of taxa since they are
separated from each other by only small morphological
differences that may intermix or overlap.
In Turkey the section Behenantha (Otth) Endl. is
represented by six taxa and the section Dichotomae (Rohrb.)
Chowd. by four taxa. Three of these ten taxa are endemic (S.
cariensis Boiss. subsp. cariensis, S. cariensis subsp. muglae
Vural & Dönmez, and S. koycegizensis Dönmez & Vural).
There are minor morphological differences between S.
cariensis subsp. cariensis (anthophore 8−11 mm, calyx
15−22 mm) and S. cariensis subsp. muglae (anthophore
15 mm, calyx 22−27 mm), S. cretica L. (pedicel/internode
ratio nearly equal, texture of calyx leafy, petal limb 2.5−3.5
mm wide, anthophore 1.5−3 mm, glabrous), S. tenuiflora
Guss. (pedicel/internode ratio nearly equal, texture of calyx
leafy, petal limb to 6 × 3 mm, anthophore (2.5−)3−4 mm,
glabrous) and S. koycegizensis (pedicel/internode ratio 2 or
more, texture of calyx membranaceous, petal limb 1.5−2
mm wide, anthophore 5−6 mm, villose), and subspecies of
S. dichotoma (subsp. dichotoma: calyx 10–15 mm, usually
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densely setose; subsp. racemosa (sibthorpiana): calyx 7–9
mm, usually sparsely setose) (Coode and Cullen, 1967;
Vural and Dönmez, 2002). Therefore, seed and pollen
grains were analyzed micromorphologically to test if their
characteristics can be used for the identification of these
taxa.
Previous studies revealed that micromorphological
characters of seed and pollen grains can provide good
diagnostic features in these taxa (Yıldız 1996, 2001,
2002, 2006; Yıldız et al., 2010, 2011). In this study we
aim to discuss the status of the studied taxa by means of
micromorphological characters of seed and pollen grains.

2. Materials and methods
Plant material for this investigation was collected from
natural populations in 2011 and 2012 (Table 1). Voucher
specimens of the samples are deposited at the Herbarium
of the Department of Biology, Celal Bayar University.
For SEM, seed and pollen samples were mounted on
stubs using double-sided adhesive tape, coated with gold
using a Polaron SC7620 sputter, and then examined and
photographed with a LEO 440 SEM.
The following morphological characteristics of 30
seeds from each taxon (15 seeds per population, except
Silene heldreichii) were studied according to Stearn (1996)

Table 1. The location and habitats of studied specimens in Silene (A, B, C: squares of flora of Turkey).
Taxa

Location, habitat type, altitude, collection date, collector, voucher number

1. Silene behen

B1 Manisa: Sipil mountain, Çöşmüş, rocky places, 1200–1250 m, 26.05.2006, K. Yıldız 097–3.
C1 Manisa: Sipil mountain, between Ağlayan Kaya and Mevlevihane, near road and slopes,
under forest, 150 m, 04.05.2010, K. Yıldız 0246.

2. S. cariensis subsp. cariensis

C1 Muğla: Datça–Marmaris 33–35 km, rocky, 300–400 m, 21.05.2006, K. Yıldız, KY 089–1.
C2 Denizli: Babadağ, Başalan plateau, 900–1200 m, 06.06.2009, K. Yıldız 0221.

3. S. cariensis subsp. muglae

C2 Muğla: Köyceğiz–Muğla road 5 km, Döğüşbelen, under Pinus brutia Ten, rocky places,
20–30 m, 28.06.2010 K. Yıldız 0253.
C2 Muğla: ibid 253, 10.06.2010, M. Kuh, K. Yıldız 0261, E. Minareci.

4. S. cretica

B1 Aydın: Tire–İncirliova 27 km, southwest slopes, 500 m, 19.05.2006, K. Yıldız 083–1.
C1 Aydın: Karpuzlu–Milas road 35 km, rocky, slopes, 400 m, 19.05.2006, K. Yıldız 084–3, E.
Minareci.

5. S. tenuiflora

C2 Antalya: Elmalı, after 4 km from Söğüt–Fethiye road, rocky, 1250–1270 m, 10.06.2006, K.
Yıldız 0107–3, A. Çırpıcı, E. Minareci.
C2 Antalya: Elmalı, near Seki village, 1150 m, 10.06.2006, K. Yıldız 0109–3, A. Çırpıcı, E.
Minareci.

6. S. koycegizensis

C2 Muğla: Marmaris–Muğla road 3 km, 120–150 m, K. Yıldız 088, 20.05.2006.
C1 Muğla: Datça–Marmaris 33–35 km, rocky, 300–400 m, 21.05.2006, K. Yıldız 089–2.

7. S. dichotoma subsp. dichotoma

B1 İzmir: Tire, Güme mountain, Kömürcü pass, south slopes, 1070 m, 19.05.2006, K. Yıldız
082–3.
C2 Muğla-Kale 41 km, rocky, 850–1050 m, K. Yıldız 0249–2, E. Minareci, 26.05.2010.

8. S. dichotoma subsp. racemosa

B1 Aydın: Tire–İncirliova 27 km, southwest slopes, 500 m, 19.05.2006, A. Çırpıcı, K. Yıldız
083–2.
B2 Uşak: Sivaslı, Evrenli, under Pinus nigra, 950 m, 13.06.2006, K. Yıldız 123–4, A. Çırpıcı, E.
Minareci.

9. S. euxina

A3 Sakarya, Karasu, İhsaniye village coast, 0 m, 18.07.2010, K. Yıldız 0302–2, M. Kuh, E.
Minareci.
A2 (E) Kırklareli: İğneada, near Erikli lake, 0 m, 25.05.2014 K. Yıldız 0506, M. Kuh.

10. S. heldreichii

C3 Antalya: Manavgat–Alanya junction to Akseki 29 km, 550–580 m, 11.06.2010, K. Yıldız
269–1, M. Kuh, E. Minareci.
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and Prentice (1978): seed type, seed back shape, seed
tubercle shape, seed surface type, granulation, number of
suture points per plate, suture outline, and hylar zone type.
Pollen measurements were taken by examining 30
pollen grains from each taxon (15 pollen grains per
population, except Silene heldreichii) using preparations
set up according to the method described by Wodehouse
(1935). Examinations were performed using a trinocular
Olympus CX21FS1 model light microscope (LM) with
100× oil immersion objective and 10× ocular power.
Pollen diameter, exine thickness, pore diameter, interpore
distance, microechinae number on operculum, spinule
base diameter, the diameter of microperforation, and pore
number were measured using the method suggested by
Punt et al. (2007).
The Graphpad Prism for Windows software package
(ver. 7.00) was used for statistical analyses. Analysis of
variance (one-way ANOVA) was used to determine the
significance of the observed differences between taxa in
terms of seed and pollen properties (Peichoto et al., 2007).
3. Results
3.1. Seed morphology
Analysis of seed characteristics showed that seeds were
generally reniform (Figures 1 and 2). It was observed
that only the seeds of Silene behen had an ovate-reniform
shape, and they were reniform-orbicular in Silene
koycegizensis in the section Behenantha. Silene behen had
the greatest seed length (1580 µm) while Silene cariensis
subsp. cariensis had the smallest seed length (690 µm).
Seed width/length proportions were 1.2–1.6 (Table 2). The
back surface of the seeds varied between flat and concave
and convex. The back surface of S. heldreichii in the section
Dichotomae was apparently flat. The remaining taxa varied
between flat/concave and convex. Seed tubercle was long/
conical in S. koycegizensis in the section Behenantha,
digitate/conical in S. behen, rounded/obtuse in S. euxina
in the section Dichotomae, and digitate/conical in all of the
remaining members of the section. The hilum zone shape
showed different structures in the section Dichotomae,
slightly recessed in S. behen in the section Behenantha,
and recessed in all other Behenantha members. It was
observed that the seed surface was flat in S. euxina and
flat/concavo-convex in other Dichotomae members. Seed
surface granulation was fine-medium in S. euxina in the
section Dichotomae, medium in S. heldreichii, and coarse
in all of the remaining taxa. Seed color was black-brown.
Silene dichotoma subsp. dichotoma had the longest testa
cell (291.55 µm), while S. cariensis subsp. cariensis had
the shortest testa cell (166.64 µm). It was found that S.
cariensis subsp. muglae had the longest testa suture (34.2
µm), while S. tenuiflora had the shortest testa suture length
(0.1 µm). Silene cariensis subsp. muglae was found to have

the largest testa suture width (71.25 µm), while S. tenuiflora
was found to have the narrowest testa suture width (0.2
µm). Between seed plate was serrate-stellate in S. euxina,
which is a member of Dichotomae, and serrate-sinuous in
all other Dichotomae members. Silene koycegizensis can
be easily distinguished in the section Behenantha with its
long, conical seed tubercles. Silene euxina (Rupr.) Hand.Mazz. can be significantly distinguished in the section
Dichotomae, with its round/obtuse angled conical seed
tubercle shape.
3.2. Pollen
Although some pollen grains of the analyzed taxa show
differences, they have a similar general image and similar
numerical values (Figures 3 and 4). All of the pollen grains
were periporate and spheroidal. Silene koycegizensis in
the section Behenantha had a semitectate structure, while
all the other taxa, including the section Dichatomae, had
a tectate structure. Silene koycegizensis in the section
Behenantha had semireticulate ornamentation, S. euxina
in the section Dichotomae had spinulate ornamentation,
while other taxa had a spinulate-microperforate (punctate)
structure. Spirulina on the exine surface of all ten taxa
generally have an irregular sequence. It was found that S.
dichotoma subsp. racemosa (Otth) Graebn. had the lowest
number of pores (14), and S. heldreichii Boiss. and S.
cariensis subsp. muglae had the highest number of pores
(30) (Table 3). Mean pollen diameter was lowest in S.
cretica (28.8 µm) and highest in S. heldreichii (57.2 µm).
Silene cariensis subsp. muglae had the lowest mean exine
thickness (1.53 µm), while S. dichotoma subsp. dichotoma
had the highest exine thickness (2.46 µm). Silene dichotoma
subsp. dichotoma had the smallest mean pore diameter (3.8
µm), while S. dichotoma subsp. racemosa had the greatest
mean pore diameter (7.86 µm). Mean distance between the
pores was lowest in S. cretica (4.06 µm) and highest in S.
dichotoma subsp. racemosa (8.13 µm). Silene behen had the
smallest mean operculum number (6), while S. dichotoma
subsp. dichotoma had the highest mean operculum number
(42) (Table 3; Figures 3 and 4).
3.3. Statistical analyses
Based on the results of ANOVA, it was concluded that
there were significant differences between the taxa (P <
0.05), either for seed or pollen features (Table 4).
4. Discussion
Seed morphological studies are often done to distinguish
the taxonomy of genus and species. These studies were used
by Fedatova and Artzhanova (1992), Kovtonyuk (1994),
Yıldız and Çırpıcı (1992, 1998), Melzheimer (1977), Yıldız
(2002, 2006), and Dadandı and Yıldız (2015) for systematic
evaluation of taxa.
A comparison of seed morphology of S. behen and
S. dichotoma subsp. racemosa in a study by Yıldız and
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Figure 1. Seeds of the taxa from section Behenantha (SEM). a–c: Silene behen, d–f: S. cariensis subsp. cariensis, g–i: S. cariensis subsp.
muglae, j–l: S. cretica, m–o: S. tenuiflora, p–s: S. koycegizensis (a, d, g, j, m, p: general view; b, e, h, k, n, r: tubercle and surface; c, f, i, l, o,
s: granulation and suture outline).
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Figure 2. Seed of the taxa from section Dichotomae (SEM). a–c: S. dichotoma subsp. dichotoma, d–f: S. dichotoma subsp. racemosa,
g–i: S. euxina, j–l: S. heldreichii (a, d, g, j: general view; b, e, h, k: tubercle and surface; c, f, i, l: granulation and suture outline).

Çırpıcı (1998) found no significant difference in seed
micromorphology.
Yıldız (2006) separately studied and compared the seed
micromorphology of S. behen from Western Anatolia and
Northern Cyprus specimens. The study showed partial
differences between the two specimens in terms of seed
surface types, the number of suture points per plate, and
testa cell lengths. A comparison of the present study
with Yıldız (2006) showed partial differences in terms of
seed length, seed tubercle form, seed surface type, the
number of suture points per plate, and between testa cells
characteristics. It is normal for some variations to occur

among same species individuals that grow in different
localities (Kocataş, 1999).
A comparison of our study with another study that
investigated the seed characteristics of S. tenuiflora (Yıldız,
2006) showed significant similarities. The Silene tenuiflora
specimen used in the comparison was collected from C1
Muğla in rocky areas at an elevation of 300–400 m. Our
specimen was collected from C2 Antalya at an elevation of
1150 m at a streamside. Similarly, a previously analyzed S.
dichotoma subsp. racemosa specimen was collected from
A4 Bolu, at an elevation of 1200 m, while our specimen
was collected from B1 Aydın, at an elevation of 500 m. On
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Table 2. Seed morphological characters of the Silene taxa.
Seed length (L) and
width (W) M ± SD (µm)

L/W

Seed back

Seed tubercle
shape

Hylar zone type

Silene behen

ovate/ reniform 1580 ± 199 × 1140 ± 135

1.38

convex

digitate/
conical

level-recessed

S. cariensis subsp.
cariensis

reniform

690 ± 99 × 430 ± 82

1.60

flat/concave

rounded /
conical

recessed

S. cariensis subsp.
muglae

reniform

850 ± 108 × 600 ± 105

1.41

flat/concave

obtuserounded

recessed

S. cretica

reniform

880 ± 92 × 710 ± 99

1.24

flat/convex

conical

recessed

S. tenuiflora

reniform

960 ± 97 × 760 ± 52

1.26

flat/concave

obtuserounded

recessed

S. koycegizensis

reniformorbicular

1416.1 ± 121 × 1207.85 ± 1115 1.19

flat/convex

tall-conical

recessed

S. dichotoma subsp.
reniform
dichotoma

1340 ± 143 × 1060 ± 126

1.26

flat/convex

digitate/
conical

level-little
recessed

S. dichotoma subsp.
reniform
racemosa

1440 ± 107 × 1120 ± 162

1.22

flat/convex

digitate /longlevel-recessed
conical

S. euxina

reniform

1510 ± 213 × 1130 ± 142

1.34

flat/concave

rounded/
obtuse

level-prominent

S. heldreichii

reniform

1270 ± 206 × 930 ± 106

1.36

flat

digitate/
conical

level-prominent

Sect. Dichotomae

Sect. Behenantha

Seed type

Table 2. (Continued).
Seed
surface type

Taxa

Sect. Dichotomae

Sect. Behenantha

Silene behen

498

Seed surface Seed
granulation color

flat/concavocoarse
convex

Seed plate length Number of
Testa suture
Suture outline
and width (µm) points per plate length-width (µm)

dark brown/ 250–49.99 ×
black
25–125

19–36

8.88–3.33 ×
5–10

serrate-sinuous

S. cariensis subsp. concavocariensis
convex

coarse

brown/
dark brown

166.64–28.57 ×
38.09–14.28

15–24

8.58–5.36 ×
13.4–5.36

sinuous-lobaterectangular

S. cariensis subsp.
convex
muglae

coarse

brown/d
ark brown

200–50 ×
60–25

18–30

34.2–14.25 ×
71.25–35.63

serrate-sinuous

S. cretica

flat/convex

coarse

fuscous/
dark brown

200.1–80.04 ×
146.74–46.7

16–28

19.25–7.15 ×
11–8.25

S. tenuiflora

flat

coarse

brown

242.25–54.15 ×
42.75–14.25

12–36

0.3–0.1 ×
1.15–0.2

sharply serrate

S. koycegizensis

concavoconvex

coarse

brown/
dark brown

233.24–66.64 ×
125–41.7

15–37

17.16–8.58 ×
22.88–8.58

sinuous

S. dichotoma
flat/concavocoarse
subsp. dichotoma convex

dark brown/ 291.55–66.64 ×
black
91.63–24.99

17–30

17.14–8.57 ×
20–5.71

serrate-sinuous

S. dichotoma
subsp. racemosa

flat/concavocoarse
convex

dark brown/ 250–40 ×
black
250–60

14–34

17.64–7.06 ×
15.29–7.64

serrate-sinuous

S. euxina

flat

fine-medium

dark brown/ 250–49.99 ×
black
25–125

11–28

31.43–11.43 ×
25.71–8.57

serrate-stellate

S. heldreichii

flat/concave

medium

brown/dark
brown

20–38

19.43–6.66 ×
11.1–7.22

serrate-sinuous

166.64–28.57 ×
38.09–14.28

sinuous

KUH et al. / Turk J Bot

Figure 3. Pollen grains of section Behenantha and Dichotomae (LM). a, b: S. behen, c, d: S. cariensis subsp. cariensis, e, f: S. cariensis
subsp. muglea, g, h: S. cretica, i, j: S. tenuiflora, k, l: S. koycegizensis, m, n: S. dichotoma subsp. dichotoma, o, p: S. dichotoma subsp.
racemosa, r, s: S. euxina, t, u: S. heldreichii (scale: 10 µm). (b, d, f, h, j, l, n, p, r, u: surface view; a, c, e, g, i, k, m, o, r, t: optical section).
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Figure 4. Pollen grains of section Behenantha and Dichotomae (SEM). a, b: S. behen, c, d: S. cariensis subsp. cariensis, e, f: S.
cariensis subsp. muglea, g, h: S. cretica, i, j: S. tenuiflora, k, l: S. koycegizensis, m, n: S. dichotoma subsp. dichotoma, o, p: S. dichotoma
subsp. racemosa, r, s: S. euxina, t, u: S. heldreichii (a, c, e, g, ı, k, m, o, r, t: general view; b, d, f, h, j, l, n, p, s, u: ornamentation).

the other hand, S. behen was collected from Cyprus and B1
İzmir, in bushy areas, at an elevation of 250–300 m, while
our specimen was collected from B1 Manisa, in rocky
areas, at an elevation of 1200–1500 m. One of the most
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important reasons for the significant differences between
the specimens was that they grew in different localities
under different ecological conditions (Kocataş, 1999).

46.53 ± 4.34

41.33 ± 4.27

46 ± 4.72

28.8 ± 1.93

33.83 ± 1.85

43 ± 2.24

38.86 ± 3.63

52.16 ± 4.83

31.86 ± 3.76

57.2 ± 3.41

S. cariensis subsp. cariensis

S. cariensis subsp. muglae

S. cretica

S. tenuiflora

S. koycegizensis

S. dichotoma subsp. dichotoma

S. dichotoma subsp. racemosa

S. euxina

S. heldreichii

M ± SD (µm)

Silene behen

Taxa

1.8 ± 0.32

1.7 ± 0.32

2.06 ± 0.26

2.46 ± 0.6

2.13 ± 0.3

1.58 ± 0.19

2.2 ± 0.41

1.53 ± 0.34

1.93 ± 0.17

2 ± 0.33

Pollen diameter Exine thickness

7.73 ± 1.28

4.93 ± 1.16

7.86 ± 1.19

3.8 ± 0.63

7.12 ± 0.77

4.83 ± 0.72

5.73 ± 0.59

6.31 ± 0.95

6.33 ± 0.9

5.33 ± 0.62

Pore diameter

6.6 ± 0.83

5.33 ± 1.11

8.13 ± 0.64

6.46 ± 0.66

5.93 ± 1.03

4.5 ± 0.52

4.06 ± 0.26

5.19 ± 0.83

5.2 ± 1.01

7.26 ± 1.39

Interpore
distance

Table 3. Numerical data and characteristics of Silene pollen grains (M: mean, SD: standard deviation).

6–18

16–32

12–26

22–42

22–40

8–20

10–19

10–18

10–24

8–26

(min–max)

Microechinae
number on operculum

0.4–0.72

0.32–0.48

0.4–1.04

0.24–0.48

0.24–0.48

0.24–0.48

0.24–0.64

0.4–0.8

0.32–0.48

0.48–0.88

Spinule base
diameter (µm)

0.24–0.64

–

0.4–0.88

0.32–0.56

0.64–1.6

0.24–0.48

0.16–0.24

0.24–0.48

0.24–0.32

0.32–0.64

Microperforate
diameter (µm)

24–30

22–24

14–20

20–26

20–24

24–28

18–24

24–30

22–26

20–26

Pore
number

KUH et al. / Turk J Bot
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Table 4. ANOVA summary for pollen and seed properties.
ANOVA summary for pollen properties

ANOVA summary for seed properties

F

50.64

F

2484

P value

< 0.0001

P value

< 0.0001

P value summary

****

P value summary

****

Significant diff. among means (P < 0.05)?

Yes

Significant diff. among means (P < 0.05)? Yes

R square

0.765

R square

Brown–Forsythe test

0.9938

Brown–Forsythe test

F (DFn, DFd)

7.445 (9, 140)

F (DFn, DFd)

3.101 (9, 140)

P value

<0.0001

P value

0.002

P value summary

****

P value summary

**

Are SDs significantly different (P < 0.05)?

Yes

Are SDs significantly different (P < 0.05)? Yes

Bartlett’s test

Bartlett’s test

Bartlett’s statistic (corrected)

88.77

Bartlett’s statistic (corrected)

+ infinity

P value

< 0.0001

P value

< 0.0001

P value summary

****

P value summary

****

Are SDs significantly different (P < 0.05)?

Yes

ANOVA table

Are SDs significantly different (P < 0.05)? Yes

SS

DF

MS

Treatment (between columns)

9949

9

11.05 Treatment (between columns)

Residual (within columns)

3056

140 21.83 Residual (within columns)

Total

13,005

149

Data summary

ANOVA table

Total

SS

DF

MS

1.02

9

0.1133

0.006387

140

0.00005

1.026

149

Data summary

Number of treatments (columns)

10

Number of treatments (columns)

10

Number of values (total)

150

Number of values (total)

150

Pollen characters are one of the most frequently used
characters in taxonomic studies. The presence of different
structures and ornamentation (echinae, spinule, baculum,
gemma, etc.) on the exine surface is considered to be
advanced, while uninterrupted exine is considered to be
a primitive characteristic (Takhtajan, 1980; Walker, 1974a,
1974b). In addition, pollen grains with a low number of
pores are considered to be more primitive than those with
a high number of pores (Van Campo, 1966). These pollen
characteristics have been used in taxonomic studies of
many families and genera (Yıldız, 2001; Huysmans et al.,
2003; Celenk et al., 2008; Sahreen et al., 2008; Pınar et al.,
2009; Yıldız et al., 2010).
In a study by Yıldız (2001), the mean pollen diameter
of S. dichotoma subsp. racemosa was reported as 41.46
µm. However, in our study, mean pollen diameter was
52.16 µm. There was no significant difference in other
pollen characteristics (Table 4). In another study, Yıldız
(2006) found no significant difference in the pollen
micromorphologies of S. behen specimens from Northern
Cyprus and Western Anatolia apart from the number of
pores. Yıldız (2006) reported that the number of pores
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varied between 13 and 21 in the specimens from Cyprus
and Turkey. In our study, the number of pores was between
20 and 26. Similar findings are found in almost all pollen
characteristics in different studies. However, significant
differences in the number of pores suggest that there may
be certain variations among the species (Table 4).
A general palynological analysis of the investigated
taxa shows that S. euxina in the section Dichotomae
had spinulate ornamentation, while S. dichotoma
subsp. dichotoma, S. dichotoma subsp. racemosa, and S.
heldreichii had spinulate-microperforate ornamentation
characteristics (punctate). Silene heldreichii in the section
Dichotomae and S. cariensis subsp. muglae in the section
Behenantha had the highest mean number of pores (24–30
each), indicating a possibility that these were the most
developed taxa.
An analysis of taxa in terms of seed and pollen
characteristics showed that there were differences between
S. cariensis subsp. cariensis and S. cariensis subsp. muglae
in the section Behenantha in terms of seed characteristics
(tubercle shape, seed surface type, testa cell width/length,
number of suture points per plate, testa suture width/
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length, and testa suture outline) (Table 2; Figures 1 and
2) and pollen (pollen diameter, exine thickness, number
of pores, operculum granule number, and microperforate
width values) (Table 3; Figures 3 and 4). It was found
that there were differences between S. dichotoma, which
is represented by 2 subspecies in the section Dichotomae
(subsp. dichotoma and subsp. racemosa), and S. euxina
(Yıldız, 2012), which was separated from this species and
identified as a new species, especially in terms of pollen
diameter. Silene dichotoma subsp. racemosa had the longest
(52.16 µm) while S. euxina had the shortest (31.86 µm) pollen
diameter. Among subspecies, S. dichotoma subsp. dichotoma
had the highest number of pores (20–26), while S. dichotoma
subsp. racemosa had the lowest number of pores (14–20).
Silene euxina had a pore number of 22–24. In particular, the
pollen grains of S. euxina are different from those of other
subspecies with their spinulate form. These subspecies are
distinguished from S. euxina, especially with regard to their
flat/concave seed back, rounded/obtuse tubercle shape,
medium-fine granulation, and serrate/stellate testa suture
outline of S. euxina. Pollen and seed analysis showed that S.
euxina, which was previously considered a subspecies of S.
dichotoma (Coode and Cullen, 1967) and then identified as
a separate Silene species in a recent study (Yıldız, 2012), has
a separate species characteristic (Tables 2–4; Figures 1–4).
Silene cretica and S. tenuiflora in the section Behenantha
resemble each other morphologically and are difficult to

distinguish. Analysis of these two taxa reveals that they
show similar pollen characteristics. However, seed analysis
of these taxa showed a difference in the general shape of
the seeds. Silene cretica had a conical seed tubercle shape,
while S. tenuiflora had an obtuse-rounded seed shape.
Silene cretica had a flat/convex seed back, while S. tenuiflora
had a flat/concave seed back. Seed surface shape was flat/
convex in S. cretica and flat in S. tenuiflora. Testa suture
was 19.25–7.15 × 11–8.25 µm in S. cretica and 0.3–0.1 ×
1.15–0.2 µm in S. tenuiflora. Testa cell was 200.1–80.04 ×
146.74–46.7 µm in S. cretica and 242.25–54.15 × 42.75–
14.25 µm in S. tenuiflora. In addition, testa suture outline
was sharply serrate in S. cretica and sinuous in S. tenuiflora
(Table 2).
Consequently, based on pollen and seed characteristics,
S. euxina is a separate species and not a subspecies of S.
dichotoma. According to this study, Silene koycegizensis and
S. cariensis subsp. muglae are separate taxa. In addition, it
was found that S. cretica and S. tenuiflora are two separate
species distinguished clearly from each other in terms of
seed morphological characteristics.
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